Inter-individual differences in biological aging could affect susceptibility to stroke. To date, the relationship between stroke and telomere shortening remain inconclusive; and sparse data are available for haemorrhagic stroke. A Chinese case-control study was conducted, comprising 1756 cases (767 atherothrombosis, 503 lacunar infarction and 486 haemorrhagic strokes) and 1801 controls. Stroke patients were prospectively followed up for a median of 4.5 (range, 0.1-6.0) years. Individuals with shorter telomere length had a higher presence of atherothrombotic stroke {multivariate OR (odds ratio) 1.37 [95 % CI (confidence interval), 1.06-1.77]; P = 0.015} or haemorrhagic stroke [multivariate OR 1.48 (95 % CI, 1.08-2.02); P = 0.016] in comparison of the lowest to highest tertile of telomere length. Particularly, in subjects with a family history of stroke, there was a significant 2.55-fold increased presence of atherothrombotic stroke (95 % CI, 1.87-3.48; P trend < 0.0001) and a 2.33-fold increased presence of haemorrhagic stroke (95 % CI, 1.62-3.36; P trend < 0.0001). During the follow-up, 338 recurrent strokes and 312 deaths (181 from stroke or coronary heart disease and 131 from other causes) were documented. Associations with stroke recurrence were not observed in the follow-up patients, whereas atherothrombotic stroke cases with shorter telomeres had 69 % increased risk of post-stroke death [relative risk, 1.69 (95 % CI, 1.07-2.67); P = 0.02]. Finally, we compared telomere lengths in 12 paired samples of circulating leucocytes and carotid atherosclerotic plaques from patients undergoing carotid endarterectomy; there was a positive correlation between vessel wall tissue and leucocyte telomere length. In conclusion, shorter telomere length may serve as a potential marker for the presence of atherothrombotic and haemorrhagic stroke and for the risk of post-stroke death.
INTRODUCTION
Stroke is a major cause of death and disability worldwide. Survivors are often disabled, require long-term care, and are at increased risk of recurrence. Although traditional vascular risk factors potentially explain most of the risk of stroke, at an individual level there is a wide variation in the development of stroke and clinical manifestation, even in individuals with similar risk factor profiles. The reasons why there are inter-individual heterogeneities linked to vascular endothelial cell senescence and apoptosis and may contribute to atherogenesis [3] .
The association between stroke and telomere shortening has been addressed; however, the results remain inconsistent. Prospective studies from the U.S.A. have found no association between leucocyte telomere length and stroke [4] or death from cardiovascular events including stroke [5] . Another study shows that leucocyte telomere length is associated with cardiovascular outcomes but not stroke in elderly high-risk hypertensive patients from the European population [6] . A positive association between shorter telomere length and ischaemic stroke and mortality from all causes has recently been found in the Chinese population by Ding et al. [7] . However, to date, most studies are limited to ischaemic stroke, with less information available on haemorrhagic stroke.
Shorter telomeres reflect increased leucocyte turnover rate as the burden of chronic inflammation and oxidative stress accumulate during the individual's life course [8] . Blood leucocytes are usually used to study cellular aging as measured by telomere length because of their accessibility in routine clinical studies [9] , but it remains to be established whether leucocyte telomere length in blood is an appropriate index of vascular telomere length in diseased vessel wall such as human atherosclerotic plaque lesions.
In the present study, we investigated the associations of leucocyte telomere length with the presence of ischaemic stroke and haemorrhagic stroke in a large case-control study in the Chinese Han population. We further assessed the relationship between telomere length and subsequent prognosis of stroke by prospectively following up the patients with stroke for a median 4.5 years. The correlation between telomere length of blood leucocytes and that of the vascular wall in human carotid atherosclerotic plaques was also evaluated.
MATERIALS AND METHODS

Stroke sample population
The Multicenter Chinese Stroke Study comprised 2000 consecutive stroke patients (age, 35-74 years) and 2000 ageand gender-matched control subjects, which has been described previously [10] .The criteria of diagnosis and recruitment, measurement of plasma biochemical variables and collection of clinical characteristics are given in detail in the Supplementary Materials and methods section (available at http://www.clinsci.org/cs/125/cs1250027add.htm). In brief, stroke was defined as the sudden onset of a non-convulsive and focal neurological deficit persisting for over 24 h, and confirmed by strict neurological examination, CT (computed tomography) or MRI (magnetic resonance imaging) according to the International Classification of Diseases (9th Revision). We recruited three subtypes of stroke: cerebral thrombosis (atherothrombosis), lacunar infarction (lacunar) and ICH (intracerebral haemorrhage). The enrolled patients were survivors of acute stroke events. Other types of stroke (embolic stroke and subarachnoid haemorrhage) and systemic diseases (collagenosis, inflammation, liver or renal diseases) were excluded.
Before data assessment, we excluded 443 subjects because of lack of complete clinical records (95 cases and 72 control subjects) and insufficient DNA (149 cases and 127 control subjects). No significant differences were found in clinical characteristics between the included and the excluded subjects. Finally, 1756 cases (767 atherothrombotic strokes, 503 lacunar infarction and 486 haemorrhagic strokes) and 1801 control subjects were eligible for the analysis using a case-control approach. The study was approved by the ethics committees of collaborating hospitals. All participants reported themselves as Han nationality, and provided written informed consent.
Follow-up and outcome assessments
Stroke patients in this cohort were prospectively followed up over a 2-year period until 31 May 2006, with a standard questionnaire by using telephone contact by physician investigators. The endpoints were stroke recurrence and post-stroke deaths. Recurrent stroke was defined using the following criteria: clinical evidence of the sudden onset of a new focal neurological deficit with no apparent cause other than that of vascular origin occurring at any time after the index stroke; or, there was clinical evidence of the sudden onset of an exacerbation of a previous focal neurological deficit with no apparent cause other than that of vascular origin occurring >21 days after the index stroke [11] . All hospitalized patients were confirmed by a local neurologist, based on the direct review of patient medical records and brain imaging (CT or MRI). The non-hospitalized patients were evaluated by primary care physicians in the community. Deaths were reported by family members, work associates and/or obtained from death certificates and medical records.
Telomere length measurement
Genomic DNA was isolated from peripheral blood leucocytes according to standard procedures. Relative mean leucocyte telomere length was determined with a quantitative real-time PCRbased technique that compares telomere repeat copy number (T) to single-copy gene copy number (S) (T/S ratio) in a given sample [12] . All PCRs were performed in triplicate on an ABI PRISM 7900HT Fast real-time PCR system (Applied Biosystems). In brief, 10 ng of genomic DNA was dried in a 384-well plate and then resuspended in 10 μl of either the telomere or single-copy gene (the human β-globin gene on chromosome 11p15.5) PCR mixture. The primer sequences and thermal cycling profiles are given in detail in the Supplementary Materials and methods section. A reference calibrator sample was included with each measurement to control inter-assay variability. The average inter-plate coefficient of variability for the telomere and β-globin assays was 6.4 and 4.6 %, respectively. A standard curve derived from serially diluted reference DNA (1.56-100 ng; 2-fold dilution; seven points) was run for both the telomere and the β-globin PCRs, with good linearity (R 2 >0.98). As part of routine quality control, 10 % of the samples were randomly chosen to test the reproducibility of the assay. All measurements were performed by laboratory personnel blinded to the case-control status and the outcome assessment.
Statistical analysis
Normal distribution of data was examined by the KolmogorovSmirnov normality test. The T/S ratios of mean leucocyte telomere length were natural logarithm transformed because of a skewed distribution. Characteristics of cases and controls were compared by ϕ 2 tests for categorical variables and ANOVA for quantitative variables. The distributions of the T/S ratio of telomere length were divided into tertiles among the control subjects, and the cut-off values were < 0.340 for the lowest tertile, 0.340-0.826 for the middle tertile and >0.826 for the highest tertile. The ORs (odds ratio) and 95 % CIs (confidence intervals) were estimated for the association between telomeres and the presence of stroke by using logistic regression models. We performed separate data analysis, interpretation and presentation on the three subtypes of atherothrombotic stroke, lacunar infarction and hemorrhagic stroke, because they have different pathophysiology. Multivariate analyses were first adjusted for age and gender, and further for BMI (body mass index), fasting triacylglycerols, total cholesterol, HDL (high-density lipoprotein)-cholesterol), fasting blood glucose, BP (blood pressure), smoking status (never, past, current), alcohol intake (current drinker, yes/no), history of hypertension (yes/no), diabetes (yes/no), previous cardiovascular disease (yes/no), family history of stroke (yes/no), and medication treatment (yes/no). The significance of multiplicative interactions between the telomeres and family history of stroke was determined by the likelihood-ratio test.
Person-years of follow-up started from the date of diagnosis of the first-ever stroke until the date of a first recurrence of stroke, death or the end of the follow-up (May 31, 2006). For those who were lost to follow-up [94 out of 1756 (5.3 %)], it ended with the date last known to be alive. Cox proportional-hazards models were used to examine the association between telomeres and the risk of stroke recurrence or mortality after adjustment for age, gender, conventional risk factors, stroke subtypes, neurological deficit and medication treatment.
To examine whether leucocyte telomere length is an appropriate index of vascular telomere length in diseased vessel wall, the correlation between telomere lengths in 12 paired samples of blood leucocyte and human carotid atherosclerotic plaques was assessed by using a general linear regression model adjustment for age and gender. All probability values are 2-sided, and P < 0.05 is considered significant. Analyses were performed with SPSS software, version 13.0 (SPSS Inc.).
RESULTS
Clinical characteristics of study participants
In the present study, age, presented as mean + − S.D., was 60.3 + − 9.3 years in cases and 59.7 + − 8.2 years in controls, and men accounted for 63.0 % of cases and 57.3 % of controls. As expected, stroke patients had a higher prevalence of conventional vascular risk factors, including smoking, alcohol intake, family history of stroke, hypertension and diabetes; they also had higher levels of blood glucose and triacylglycerols, and the lower level of HDL-cholesterol ( Table 1) .
The recruited stroke patients were prospectively followed up for a median of 4.5 (range, 0.1-6.0) years; 94 (5.3 %) of 1756 cases were lost because of emigration. No substantial differences were found in baseline characteristics and T/S ratio of telomere length between the followup and lost-to-follow-up subjects (Supplementary Table S1 at http://www.clinsci.org/cs/125/cs1250027add.htm)]. Table 2 shows baseline characteristics of follow-up cases with ischaemic or hemorrhagic stroke by tertiles of telomere length. During the follow-up, a total of 338 recurrent strokes and 312 deaths from all causes [181 from stroke or CHD (coronary heart disease) and 131 from other causes] were documented. In the present study, 85.5 % of 338 recurrent strokes were admitted to a hospital for evaluation and had a CT scan or MR imaging within 10 days of symptom onset, and 14.5 % of patients were not hospitalized and were evaluated by primary care physicians in the community.
Association between leucocyte telomere length and presence of stroke
We observed that mean leucocyte telomere length was significantly shorter in patients with stroke than in control subjects [median, 0.44 (interquartile range, 0.23-0.86) against 0.53 (interquartile range, 0.28 to 1.04) respectively; P < 0.001]. Overall, the telomere length ratio was significantly inversely correlated with chronological age (see Supplementary Figure  S1 at http://www.clinsci.org/cs/125/cs1250027add.htm), and decreased 9 % per decade (95 % CI, − 3.5 to − 13.8; correlation coefficient γ = − 0.13; P < 0.001) in control subjects and 6 % per decade (95 % CI, − 3.2 to − 14.0; correlation coefficient γ = − 0.11; P < 0.001) in stroke patients, respectively. However, there was no difference in the regression line slopes between controls and cases (P = 0.46).
In both crude analysis and multivariable analysis adjustment for age, gender and other vascular risk factors, individuals in the lowest tertile of telomere length had a significantly higher presence of atherothrombotic stroke [multivariate OR, 1.37 (95 % CI, 1.06-1.77; P = 0.015] or haemorrhagic stroke [multivariate OR, 1.48 (95 % CI, 1.08-2.02); P = 0.016] than did those in the highest tertile (Table 3) . No associations between telomere length and presence of lacunar infarction were observed. In subsidiary analyses, telomere length was analysed as a continuous variable and was found to be associated with approx. 15 % increased susceptibility to atherothrombotic stroke or haemorrhagic stroke per 1 S.D. decrease in telomere length (P < 0.05; Table 3 ). In addition, because the observed association between shorter telomeres and stroke could be biased due to history of coronary heart disease, we also performed sensitivity analyses by excluding those subjects with history of heart diseases, and the results were not substantially changed (see Supplementary Table S2 at http://www.clinsci.org/cs/125/cs1250027add.htm).
The prognostic value of telomeres in stroke recurrence and post-stroke death was studied by prospectively following up the recruited stroke patients (Figure 1 ). After adjustment for vascular risk factors, shorter telomere length was not related to the risk of stroke recurrence in the cases with atherothrombotic stroke, lacunar infarction or haemorrhagic stroke. Post-stroke death analysis showed that atherothrombotic stroke patients with shorter Combined effects of telomere length shortening and family history of stroke
We also tested for effect modification by age, gender, history of hypertension, family history of stroke and other vascular risk factors by performing analyses stratified by these variables and by evaluating interaction terms. Decrease of leucocyte telomere length remained to be associated with presence of atherothrombotic stroke and haemorrhagic stroke in various groups (see Supplementary Table S3 at http://www.clinsci.org/cs/125/cs1250027add.htm). As for age, individuals in the age groups of 50-59 years and 60-69 years had an increased presence of stroke per 1 − S.D. decrease in telomere length, but those persons in the younger ( < 50 years) and older (>70 years) groups did not. Magnitude of associations were stronger in persons with family history of stroke than those without, and tests for interaction were statistically significant (P interaction = 0.05 for atherothrombotic stroke and P interaction < 0.001 for haemorrhagic stroke). Next, we further assessed whether telomere length could add additional information to the presence of stroke and the risk of post-stroke death for individuals with family history of stroke. After adjustment for conventional vascular risk factors, we found that those individuals at the lowest tertile of telomeres and also with a family history of stroke had a 2.55-fold (95 % CI, 1.87-3.48; P trend < 0.0001) increased presence of atherothrombotic stroke and a 2.33-fold (95 % CI, 1.62-3.36; P trend < 0.0001) increased presence of haemorrhagic stroke, when compared with subjects at the highest tertile of telomeres and without a family history of stroke ( Figure 2 ). We did not observe combined effects of shorter telomere length and family history of stroke on the risk of post-stroke death in the follow-up stroke cohort.
Correlation between leucocyte telomere length and vascular telomere length in human atherosclerotic plaque lesions
To evaluate whether leucocyte telomere length is an appropriate index of vascular telomere length in diseased vessel wall, we measured telomere length in atherosclerotic carotid plaques and in corresponding circulating leucocytes from patients with carotid atherosclerosis undergoing carotid endarterectomy (n = 12). Figure 1 RRs (95 % CI) of stroke recurrence and post-stroke death by tertiles of telomere length in the follow-up stroke cohort RRs (95 % CI) were obtained with multivariate Cox regression models by adjusting for age, gender, and conventional risk factors, including BMI, systolic and diastolic BP , fasting glucose, triacylglycerols, total cholesterol, HDL-cholesterol and LDL (low-density lipoprotein)-cholesterol, smoking status, alcohol intake, diabetes, history of hypertension, previous coronary heart disease, family history of stroke, neurological deficit and medication. The cut-off values of tertile of leucocyte telomere length were in Table 3 , with the highest tertile as the reference.
Figure 2
Presence of atherothrombotic and haemorrhagic stroke according to shorter telomere length and stroke family history The cut-off values of tertile of leucocyte telomere length were defined in Table 3 . The common reference category for comparisons was subjects at the highest tertile of telomeres and no family history of stroke. (A) Presence of atherothrombotic stroke, with multivariate logistic regression analysis by adjusting for the same covariates as in Figure 1 .
(B)
Presence of haemorrhagic stroke, with multivariate logistic regression analysis by adjusting for the same covariates as in Figure 1 .
The utilization of human vascular tissues was approved by the ethics committee of Fu Wai Hospital. Clinical characteristics of subjects are shown in Supplementary Table S4 ( 
DISCUSSION
In this large Chinese Stroke Study, we confirmed the association between the shorter leucocyte telomere length and high presence of atherothrombotic stroke, but not of lacunar stroke, and provided novel evidence that telomere attrition contributes to the presence of haemorrhagic stroke, independent of traditional vascular risk factors. Our findings also showed that atherothrombotic stroke patients with shorter telomeres had worse prognosis of post-stroke death during the long-term follow-up. Further assays in human carotid atherosclerotic plaques demonstrated that blood leucocyte telomere length is closely correlated with vascular telomere length in diseased vessel wall.
In addition, we found that those individuals with shorter telomere length and a family history of stroke had a significant 2.55-fold increased presence of atherothrombotic stroke and a 2.33-fold increased presence of haemorrhagic stroke, which might help to screen persons at high risk.
The strengths of the study are in two aspects. First, the large number of stroke patients allowed us to examine the impact of telomeres in different stroke subtypes. In previous studies in Chinese subjects [7, 13] , the number of haemorrhagic strokes was too small to allow for any conclusion as to whether shorter telomeres have any effect on this particular subtype of stroke. The present study provided evidence that leucocyte telomere attrition is associated with the increased susceptibility to atherothrombotic or haemorrhagic stroke, but not with lacunar infarction. Haemorrhagic stroke results from the spontaneous rupture and bleeding of vessels due to long-term atherosclerosis and arterial stiffness, including microaneurysms due to hypertension, cerebral amyloid angiopathy in the elderly or unidentified risk factors [14] . As for lacunar infarction, lacunes are caused by occlusion of a small deep penetrating artery (with a diameter of < 15 mm) in the brain, mainly due to the pathology of lipohyalinosis, fibrinoid degeneration and microatheroma in small vessels. These findings together indicate a key and complex role of telomere attrition in vascular biology. More evidence will be helpful for clarifying the molecular signal pathways by which telomere attrition affects vascular risk.
The second strength of the study included its prospective design, high follow-up rate (95.3 %) and long-term follow-up period. This is the largest study investigating whether telomere attrition is associated with the outcome after stroke in patients with atherothrombosis or intracerebral haemorrhage, and our findings showed that shorter telomere is a potential prognostic marker of post-stroke death, particularly in persons with atherothrombosis. Stroke is a major disorder in China [15] , even though short telomeres confer a modest RR, the population-attributable fraction may be high.
In the current study, on average, the mean leucocyte telomere length in individuals with stroke was comparable with control subjects chronologically 6 years older, which is in agreement with previous reports [7, 16] . Our findings support the hypothesis that those individuals with premature biological aging are at increased risk of stroke development and worse prognosis in comparison with their peers. The question of whether telomere attrition is a causal factor in the pathogenesis of stroke, or whether both telomere attrition and stroke are caused by an unknown causal factor, warrants further investigation. However, emerging evidence support that shorter inherited telomeres might be an important causal contribution to the inherited cardiovascular risk difference in individuals [17, 18] . The offspring study showed that shorter telomeres occurred in young, healthy subjects with a family history of coronary artery disease [19, 20] . A recent elderly Danish twins study clearly shows that the co-twins with the shorter telomeres are more likely to die first [21] . Leucocyte telomere length is defined at birth [22] , and telomeres attrition reflects increased leucocyte turnover as the burden of chronic inflammation and oxidative stress accumulate during the individual's life course, which is believed to be a common basis in the progression of atherosclerosis and age-dependent vascular diseases [8] . Moreover, our additional assays, using paired samples of blood leucocyte and human carotid atherosclerotic plaque lesions in the same subject, suggest that blood leucocyte telomeres may be used as an effective surrogate for vascular aging. Given the small sample size, longitudinal assessment of telomere dynamics in large cohorts and clinic trials based on this factor should further test and confirm its role in the prevention and treatment of vascular diseases.
Our study had some potential limitations. First, since the present study is a case-control study and prospective cohort study for recruited stroke patients, selection bias of the control and stroke populations cannot be excluded. In addition, information on statin usage and physical activity was lacking. Recent evidence shows that statin treatment and exercise may prevent yearly loss of telomere length [23] [24] [25] , and also reduce stroke recurrence and may improve prognosis post-stroke [26] . However, based on a national survey on serum cholesterol levels in China, awareness, treatment, and control rates of hypercholesterolaemia in the Chinese population were less than 8.0, 3.4 and 2.0 %, respectively [27] , it therefore seems unlikely to affect our results meaningfully. Secondly, we measured mean telomere length of leucocytes; however, this can be affected by changes in leucocyte composition. Accelerated telomere shortening in leucocyte subpopulations of patients with coronary heart disease has been found to be highly conserved throughout the haematopoietic system, and particularly significant in cytotoxic T lymphocytes of cytomegalovirusseropositive patients [28] . Third, the potential effects of genetic variants on telomere length and diseases risk were not determined, whereas several telomere-associated loci have been identified in some studies [29] [30] [31] . More replication studies of leucocyte telomere length are needed to confirm the clinical utility as an informative marker of cardiovascular diseases including stroke.
CLINICAL PERSPECTIVES
r Inter-individual differences in biological aging could affect susceptibility to stroke, and telomere attrition represents one molecular mechanism that contributes to cellular aging. However, the association of leucocyte telomere length with presence of ischaemic stroke and haemorrhagic stroke has not been investigated.
r Our data from this large Chinese stroke population provided evidence that shorter leucocyte telomeres are not only associated with the presence of atherothrombotic and haemorrhagic stroke, particularly in those individuals with a family history of stroke, but also independently predict worse prognosis of death after the occurrence of atherothrombotic stroke during the long-term follow-up.
r Additional analyses, by using paired samples of blood leucocyte and human carotid atherosclerotic plaques, justify the use of blood leucocyte telomeres as an effective surrogate for vascular aging and related diseases.
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Short telomere length in blood leucocytes contributes to the presence of atherothrombotic stroke and haemorrhagic stroke and risk of post-stroke death 
MATERIALS AND METHODS
Stroke sample population
In the present multi-centre Chinese stroke study, 2000 consecutive stroke patients (age 35-74 years) and age-, gender-and resident area-matched control subjects were recruited from November 2000 to November 2001 from seven clinical centres in northern China [1, 2] . Stroke was defined according to the World Health Organization (WHO) definition as 'rapidly developing clinical signs of focal (or global) disturbance of cerebral function lasting more than 24 h (unless interrupted by surgery or death) with no apparent cause other than of vascular origin'. [3] . The definition excludes cases of primary cerebral tumour, cerebral metastasis, subdural haematoma, postseizure palsy, brain trauma and transient ischaemic attack. The diagnosis of stroke was confirmed by strict neurological examination, CT (computed tomography) or MRI (magnetic resonance imaging). Three subtypes of stroke were included: cerebral thrombosis (atherothrombosis), lacunar infarction (lacunar) and ICH (intracerebral haemorrhage). Other types of stroke (embolic stroke and subarachnoid haemorrhage) and systemic diseases (collagenosis, inflammation, liver or renal diseases) were exclusion criteria.
Atherothrombotic stroke was defined as an occlusion or >50 % stenosis of a major brain artery or branch cortical artery on duplex sonography or angiography and corresponding to the clinical features of cerebral cortical, brain stem or cerebellar dysfunction; no definite cardiac source of embolism; cortical, cerebellar, brain stem or subcortical infarct was 15 mm in diameter on CT or MRI.
Lacunar infarction was diagnosed if the patient had one of the characteristic clinical lacunar syndromes, and CT or MRI showed either normal or a deep focal infarction in brainstem or subcortical region with a diameter of <15 mm.
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ICH was diagnosed if a CT scan demonstrated an area of hyperdensity within the brain parenchyma with or without extension into the ventricles or subarachnoid space or, for scans performed beyond 1 week, an area of attenuation with ring enhancement after injection of contrast.
Controls were selected from inpatients (21.5 %) with minor illness from the departments of ophthalmology, gastroenterology, otorhinolaryngology and orthopaedics and from communitybased inhabitants (78.5 %) free of neurological diseases, following the same exclusion criteria as case subjects. In each local community, both men and women 35-74 years of age in the range of selection were grouped by age (5-year range for each group), and the control subject was randomly selected from the corresponding group.
Biochemical variable determination and clinical data collection
Blood samples were collected after a 12-h overnight fast. Plasma was separated by centrifugation, and kept at − 70
• C. Biochemical variables, including glucose, total cholesterol, triacylglycerols (triglycerides) and HDL-cholesterol, were assayed by using an automatic analyser (Hitachi 7060). All measurements were taken in a laboratory qualified by the CDC (Centers for Disease Control and Prevention) at FuWai hospital.
A complete medical history and vascular risk factors were recorded on hospital admission: smoking, alcohol intake, BMI (body mass index), systolic and diastolic blood pressure, family history of stroke, and history of hypertension and diabetes. We defined a participant as 'positive family history of stroke' if he or she reported that one parent or one first-degree sibling had such a history. Stroke severity was measured using the Chinese Scale of Clinical Neurological Deficit of Stroke Patients, which was Figure S1 Telomere length as a function of age in cases and control subjects Controls are shown as triangles (n = 1801) and cases as circles (n = 1756). Telomere length is expressed as the ln (natural log) of relative telomere to single-copy gene (T/S) ratio. Slope of the line indicates the annual telomere-shortening rate in control subjects (coefficient correlation γ = − 0.13, P < 0.001; grey line) and stroke cases (coefficient correlation γ = − 0.11, P < 0.001; grey line), respectively.
adapted from the NIHSS (National Institutes of Health Stroke Scale) [4] .
Telomere length measurement
Relative mean leucocyte telomere length was measured from genomic DNA by a quantitative real-time PCR assay as described by Cawthon [5] with minor modifications. The relative mean telomere length was calculated as the ratio of telomere repeat copy number (T) to single-copy gene copy number (S) (T/S ratio). All PCRs were performed in triplicate on an ABI PRISM 7900HT Fast Real-Time PCR System (Applied Biosystems). In brief, 10 ng of genomic DNA was dried in a 384-well plate and then resuspended in 10 μl of either the telomere or single-copy gene (human β-globin gene on chromosome 11p15) PCR-reaction mixture, which consisted of 2×Power SYBR ® Green PCR master mix (Applied Biosystems). The primer sequences were as follows: telomere forward 5 -CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT-3 ; telomere reverse 5 -GGCTTGCCTTACCCTTACCCTTACC-CTTACCCTTACCCT-3 ; β-globin forward 5 -GCTTCTGAC-ACAACTGTGTTCACTAGC-3 ; β-globin reverse 5 -CACC-AACTTCATCCACGTTCACC-3 .
The thermal cycling profiles started with 95
• C incubation for 10 min, followed by 30 cycles of 15 s at 95
• C and 1 min at 56
• C for the telomere PCR, or followed by 35 cycles of 15 s at 95
• C and 1 min at 58
• C for the β-globin PCR. The specificity of all amplications was determined by melting curve analysis. A reference calibrator sample was included with each measurement to control inter-assay variability. The average inter-plate coefficient of variability for telomere and β-globin assays was 6.4 and 4.6 % respectively.
A standard curve derived from serially diluted reference DNA (200-3.125 ng; 2-fold dilution; seven points) was run for both the telomere and the β-globin PCRs, with good linearity (R 2 >0.98). Test samples with threshold cycle numbers that fell outside the range defined by the standard curves were rerun at different concentrations to ensure that they were amplified within the linear range. As part of routine quality control, 10 % of the samples were blinded reproducibility samples. All measurements were performed by laboratory personnel blinded to case-control status and the outcome assessment. 
